In this paper, homotopy analysis method with two auxiliary parameters is used to investigate heat and mass transfer flow past a vertical porous medium in the presence of heat source. Similarity transformation is adopted to transform the boundary-layer coupled non-linear partial differential equation to a system of coupled non-linear ordinary differential equation. The resulting equations are then solved analytically. The effect of various flow parameters on velocity, temperature and concentration profiles are presented graphically and discussed while the local skin-friction, Nusselt number, plate surface temperature and Sherwood number are illustrated numerically in tabular form. The results show among all other obtained that the cooling problem is guaranteed with the positive values of Grashof number while the higher values of heat source energies the random movement of the fluid molecules and pave way for the penetration of the thermal effect to the quiescent fluid.
INTRODUCTION
Analysis of magnetohydrodynamic (MHD) flow with the coupled heat and mass transfer over a vertical plate with embedded porous medium, in the presence of heat source has great importance due to the influence of magnetic field in the boundary layer flow such as geothermal energy extraction and MHD generator etc. In Lieus of its numerous applications in science and engineering, it has been studied in the literature Thommaandru et al. [1] studied effect of heat source/ sink on heat and mass transfer of magneto-nanofluids over a nonlinear stretching sheet. Ibrahim et al [2] investigated the effect of chemical reaction and radiation absorption on unsteady MHD mixed convection flow past a semi infinite vertical permeable moving plate with heat source and suction. Bakr [3] reported the effect of chemical reaction on MHD free convection and mass transfer flow of a micropolar fluid with oscillatory plate velocity and constant heat source in a rotating frame of reference. The internal heat generation effect on thermal boundary layer with a convective surface boundary condition was investigated by Olarewaju et al. [4] . Crepeau and Clarksean [5] worked on similarity solutions of natural convection with internal heat generation. Ashwini and Eswara [6] studied MHD Falkner Skan boundary layer flow with internal heat generation or absorption. Makinde [7] reported the similarity solution for natural convection from a moving vertical plate with internal heat generation and a convective boundary condition. By virtual of the endless impotances of heat generation or heat source with different conditions imposed on it, other authors like Azim et al. [8] , Rashid and Waqar [9] , Machireddy [10] , Rena and Bhargav [11] and Kashmani et al. [12] considered the effect of heat source/ heat generation in their investigation. Considering the effect or impact of heat source or heat generation on MHD flow, the porosity part has not been left out due to its vast applications in science and engineering disciplines. Good numbers of work have been considered with the porosity parameter in the literature by different authors among which are; Mohammed et al. [13] investigated the thermal and MHD effect on free convective flow of a polar fluid through a porous medium in the presence of internal heat generation and chemical reaction. Patil and Kulkarini [14] worked on effect of chemical reaction on free convective flow of a polar fluid through a porous medium in the presence of internal heat generation. Ramana et al. [15] investigated mass transfer and radiation effects of unsteady MHD free convection fluid flow embedded in porous medium with heat generation/ absorption. Sharm and singh [16] discussed unsteady MHD free convective flow and heat transfer along a vertical porous with variable suction and internal heat generation. Mamta and Krishna [17] discussed the thermal radiation effect on an unsteady MHD free convection chemically reacting viscous dissipation fluid flow past an infinite vertical moving porous plate with heat source. Other authors like Sharma et al. [18] considered heat generation or heat source in their investigation.
The main purpose of this present paper is to investigate heat and mass transfer in hydromagnetic flow past a vertical porous media in the presence of heat source via homotopy analysis method discovered by Liao [19] . The effects of different involved parameters are discussed numerically and graphically.
MATHEMATICAL FORMULATION
We consider a steady-state heat and mass transfer flow of a stream of cold fluid at temperature ∞ that takes place in the presence of heat source. The left surface is considered to be heated by convection from the hot fluid at temperature that brings about heat transfer coefficient ℎ . The cold fluid in contact with the surface of the plate produces heat internally at volumetric rate 0 . The plate is subjected to a magnetic field of strength 0 which act in a transverse direction to the flow and the effect of induced magnetic field is neglected. The − is taken parallel to the plate direction and − normal to it. The fluid temperature and concentration are respectively taken as T and C, while is the species concentration at the surface of the plate.
Figure 1. Flow configuration and coordinate system
In line with the assumption stated above and usual Boussinesq's approximation, the steady flow is governed by the equation slated below
where, (u, v) are components of the velocity at any point ( , ) , T is the temperature of the fluid, is the concentration, 0 is the plate velocity and , , ∞ , ∞ , , , , , 0 , , ѵ, and 0 are the mass diffusivity, thermal diffusivity, free stream temperature, free stream concentration, acceleration due to gravity, density, fluid electrical conductivity, thermal expansion coefficient, volumemetric heat generation/absorption rate, specific heat at constant pressure, kinematics viscosity, concentration expansion coefficient and magnetic field of strength respectively. The appropriate boundary conditions at the surface of the plate and away into the cold fluid are expressed as follows ( , 0) = 0 , ( , 0) = 0, − ( ,0) = ℎ [ − ( , 0)],
where, k represents the thermal conductivity coefficient and denotes the power index of the concentration. The continuity Eq. (1) is satisfied automatically by invoking the stream function defined by
Considering as independent variable and as dependent variable interms of stream function, similarity solution of (1-6) is given as
where, 0 represents the velocity of the plate and
respectively denotes the dimensionless temperature and concentration. Applying Eqns. 
Here, Ha is the local magnetic field parameter, is the local thermal Grashof number, is the Solutal Grashof number, is the local convective heat transfer parameter, is the Prandtl number, is the Schmidt number, is the heat source and is the Porosity parameter. The corresponding boundary conditions are as follows
The local parameters , , , , and in (10-12) denotes the function of . In an attempt to have similarity solution, we assume the following parameters
where, , , , , and are constant under the appropriate dimension. The nonlinear Eqns. (10) (11) (12) subject to the boundary conditions of Eqns. (13) and (14) are solved analytically by Homotopy Analysis Method as shown in (3.0) below. The rate of the model, corresponding to the local skin-friction, rate of heat transfer corresponding to the Nusselt number and rate of mass transfer corresponding to the Sherwood number are respectively considered, given by
and expressed
where, = 0 ѵ ⁄ is the Reynold number, is the shear stress along the plate, is the surface heat and is the surface mass. Their numerical computation, in addition with the plate plate surface temperature which is denoted by (0) are presented in the Table 2 .
HOMOTOPY ANALYSIS METHOD
Homotopy Analysis Method (HAM), discovered by Liao [19] [20] is preferred over another method and adopted for this work due to its efficiency in solving both Linear and nonlinear differential equations. The non-linear differential equations are usually inevitable and have become a culture in our daily mathematical modeling. They are solved by different methods, among which are; differential transform method (DTM), Variation Iteration Method and so on. Following Olubode et al. [21] in accordance with the rule of solution and boundary conditions (13)-(14), we choose the initial guess
as the initial linear approximations of (η), (η) and ∅(η) and the auxiliary linear operations , , and ∅ as;
agreed with the following properties
where, 1 , 2 , . . . , 7 are constants.
Zero order deformation problem
having the following boundary conditions.
where, , , and ∅ are nonlinear operator defined as
where, [0,1] is the embedding parameter and ℏ ≠ 0, ℏ ≠ 0 and ℏ ∅ ≠ 0 are the auxiliary parameter
Mth-order deformation problem
The increase in embedding parameter from Zero to One, lead to a variation of the function (η; ), (η; ) and ∅(η; ) from initial guess 0 (η), 0 (η) ∅ 0 (η) to the solutions (η; ), (η; ) and ∅(η; ). Using Taylor series with respect to , we have
where,
Obviously, the convergences of the series (33)-(35) are subject to the auxiliary parameter ℏ. Assuming ℏ is chosen such that the series (33)-(35) converge at = 1, we have
For the mth-order deformation, we take the derivative of zeroth-order deformation of Eqns. (25)-(27) times with respect to , dividing by ! and set = 0, we have
having the following boundary conditions. where, 
where, * (ղ), * (ղ) and ∅ * (ղ) represent the particular solution of equations (40) and (41). In agreement with Adhikari [22] , we consider the rule of coefficient ergodicity and rule of solution existence and choose the auxiliary functions as
Convergence of the HAM solution
The convergence of this present investigation was considered in-line with Liao [19] . The series equations (33)- 
VALIDATION OF THE STUDY
The successful implementation of the numerical results was first considered by comparing it with the previous work done in the literature. So, these present results are compared to those obtained by Makinde [23] for the local skin-friction, Nusselt Number, plate surface temperature and Sherwood number by setting = and = The results strongly agreed with each other (see Table 1 ). This shows that there is no deficiency with the method. The values of Schmidt number for diffusing chemical species in air were chosen to be = 0.24 ( 2 ), 0.62 ( 2 ), = 0.78 ( 3 ) and = 2.62 ( 9 12 ). The Prandtl number was taken to be 0.72 which correspond to air and it is mostly encountered fluid in nature and commonly used in engineering. For the purpose of numerical calculation, other parameters were chosen to be = 0.1, = 0.1, = 0.1, = 0.1, = 0.1, = 0.05.
The effect of magnetic parameter on the velocity, temperature and concentration profiles are shown in Figure  5 -7. Obviously from Figure 5 , velocity distribution across the boundary layer decreases as magnetic parameter increases. This quantitatively agrees with the expectation because the presence of Ha in an electrically conducting fluid produces a drag-like force called Lorentz force which act against the flow, thereby resist the motion of fluid flow and enhances the heat energy of which its aftermath effect increases the fluid temperature and its concentration. This inturns enhances the thermal and concentration boundary layers.
The enhancement in fluid concentration which in turns increases its boundary layer thickness is justified by the temperature gradient inherent in the viscosity of the fluid. It can be seen from Table 2 that the magnitude of the local skin-friction improves due to an increase in magnetic interaction. This in turns improves the shear stress and enhance flow. The graphical behaviors of Schmidt number (Sc) as illustrated in Figure 8-9 , reveals that an increase in Sc which happen as a result of low molecular diffusivity leads to a reduction in velocity distribution of the fluid and rapidly fall its concentration within the boundary layer. This in turns reduces the diffusion property of the fluid and the concentration boundary layer becomes thinner than the velocity boundary layer thickness. It is observed from Table  2 that the rate of mass transfer improves for higher values of Sc as Sherwood number increases. The Prandtl number which signifies the ratio of momentum diffusivity to thermal diffusivity is presented in Figure 10 -11. A rise in slightly decreases the velocity distribution and rapidly fall its temperature within the boundary layer. This consequently lower the average temperature and thermal boundary layer thickness experiences a reduction. It is noteworthy that the smaller value of equivalent to increase in the thermal conductivity which causes the heat to diffuse away quickly from the heated surface than the higher value. Therefore, the smaller the Prandtl number, the thicker its thermal boundary layer which leads to reduction in heat transfer rate. Figure 12 -17 depict the effect of buoyancy force ( , ) on velocity, temperature and concentration profiles. The momentum boundary layer thickness increases due to the enhancement in fluid velocity as a result of the buoyancy force parameters while thermal and concentration boundary layer thickness decrease, owning to the decrease in temperature and concentration of the fluid. It is what mentioning, that the local skin friction and plate surface temperature decrease while the Nusselt and Sherwood numbers increase with the increase in ( , ) as shown in Table 2 .
The positive values of thermal Grashof number and Solutal Grashof number correspond to the greater cooling of the surface and shows that the concentration at the plate surface is higher than the free stream concentration respectively. The effect of permeability parameter ( ) on velocity, temperature and concentration profiles are shown in Figure  18 -20 respectively. As expected, increase in increase the resistance flow, which in turns causes a reduction in velocity distribution within the boundary layer with a reverse phenomenon in fluid temperature as well as its concentration. However, the magnitude of the local skin-friction and plate surface temperature increase with the increase in while the decrease effect is observed in Nusselt and Sherwood numbers (see Table 2 ). Subject to the increasing effect of , the thermal boundary layer thickness increases as well as its concentration boundary layer. The presence of heat source ( ) is to enhance the temperature of the fluid. An increase in internal heat source overshoot the temperature of the fluid at = 0.1 to its peak value at the plate surface and decreases to a free stream zero value far away from the plate in agreement with the boundary conditions which consequently strengthen the thermal boundary layer thickness. However, the interaction of enhances the molecules of the fluid as the plate surface temperature increases (see Table 2 ). The presence of heat source ( ) is to enhance the temperature of the fluid. An increase in internal heat source overshoot the temperature of the fluid at = 0.1 to its peak value at the plate surface and decreases to a free stream zero value far away from the plate in agreement with the boundary conditions which consequently strengthen the thermal boundary layer thickness (See Figure 21) . However, the interaction of enhances the molecules of the fluid as the plate surface temperature increases (see Table 2 ). Table 2 improves the Nusselt number greatly which in turns strengthen the rate of heat transfer. However, similar behavior is observed on the plate surface temperature and the fluid temperature (See Figure 22 ) due to the heat exchange by the hot fluid which in turns strengthen the thermal boundary layer thickness.
CONCLUSION
A numerical study has been carried out to investigate heat and mass transfer flow past a vertical porous plate in presence of heat source. The partial differential equations which describe the problem were transformed to non-linear ordinary differential equations by Similarity transformation method with the corresponding dimensionless variables. We then solve the equations by Homotopy Analysis Method and the results are discussed through graphs and tables for different values of embedding parameters and the following conclusion are drawn among others (i) Increase in heat source enhance the temperature of the greatly, which shows that the operating temperature is high whenever heat source occurs (ii) The cooling problem is guaranteed with the positive values of which are often encountered in engineering application for the cooling of electronic component and nuclear reactors.
(iii) Increase in convective heat parameter which play an important role in industry and engineering field for drying of materials or components, pioneer great convective heating which in turn magnify the thermal boundary layer thickness.
(iv) smaller value of equivalent to increase in the thermal conductivity which causes the heat to diffuse away quickly from the heated surface than the higher value.
The major language in Science and Technology discipline is the understanding of the dynamic flow, cooling of the system (cooling of the electronic components) and drying of materials. We then hope that the work will serve as basis for experimental studies.
